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Background Both plasma potassium ([K] ) and epinephrine concentrations have been known to increase during exercise and decrease rapidly shortly after exercise; in addition, it is also known that exercise can promote coronary thrombosis in human and animal subjects. Many studies have shown that epinephrine has a stimulatory effect on coronary thrombosis; however, little information is available concerning the effect of raising plasma [K] on coronary thrombosis. The present study was designed to investigate the effect of raising plasma [K] and its interaction with epinephrine infusion on coronary thrombosis.
Methods and Results A canine model of coronary thrombosis was used, and the frequency of cyclic blood flow reductions (CFRs) resulting from thrombus formation in the circumflex artery was analyzed in the study. By acutely raising plasma [K] to approximately 6 .0 mEq/L, the frequency of CFRs was reduced from 8.0+0.6 to 3.7±1.0 in 40 minutes (P<.01).
E a xercise has been widely advocated and publicized because of its potential health benefits. However, sudden death during and shortly after exercise has repeatedly been reported.1-5 The precise mechanism of exercise-related sudden death is not fully understood, although ventricular arrhythmias are believed to be a major direct cause.6-8 It is well known from clinical observations and animal models that myocardial ischemia can trigger ventricular arrhythmias9 and that most myocardial ischemia is associated with atherosclerotic coronary heart disease. Data from previous reports have suggested that there was a strong relation between atherosclerotic coronary heart disease and exercise-related sudden death,3-6 particularly in those who were more than 30 years old at death. According to a study by Waller,3 69 of 72 subjects who died had evidence of atherosclerotic coronary heart disease, and the subjects had at least one of three major coronary arteries narrowed more than 75% by atherosclerotic plaque. Coronary thrombosis also plays a major role in sudden cardiac ischemic deaths. A study by Davies and Thomas'0 found that among 100 subjects who died of ischemic heart disease, coronary artery thrombi were found in 74. In some cases of exerciserelated sudden deaths as well, there is evidence to indicate that coronary thrombosis may play an important role.1""2 Ciampricotti and El Gamall" suggested that physical exercise induced plaque rupture in the atherosclerotic narrowed coronary arteries, which could trigger coronary thrombosis. In addition, fresh thrombi in the coronary arteries were also found in some cases of exercise-related sudden death. 25 [35] [36] [37] A left thoracotomy was performed through the fifth intercostal space, and the fifth rib was removed. The heart was exposed and suspended in a pericardial cradle. A catheter was inserted into the left atrium through the left auricle for the epinephrine or saline infusions. The coronary circumflex artery was gently isolated near its origin for 20 mm. An electromagnetic flowmeter (model FM-501, Carolina Medical Electronics, King, NC) was used to measure coronary blood flow. The flow probe was placed around the circumflex artery, and its size was appropriately selected so that it produced a tight fit Fig 1) . Table 1 shows that heart rate, hematocrit, and arterial blood pressure were not different between the control period and KCl infusion period. Peak blood flow in the circumflex artery was also not significantly different between the two periods. Acutely raising plasma [K] usually caused a transient increase in blood flow in the LAD, but the increase did not last more than 5 In this experiment, thrombin was used as an agonist to determine the sensitivity of platelet aggregation in the three different levels of [K] . Six doses of thrombin from 2 to 12 U/mL were selected to perform the experiment. The mean and SEM for all 11 subjects are presented in Table 3 . At 2.0 and 4.0 U/mL of thrombin, there was no effect of changing [K] on the platelet aggregational response. However, at 6.0 and 8.0 U/mL, higher [K] exerted an inhibitory effect on the platelet responses to thrombin. The greatest response was observed in the 6.0-U/mL group; the platelet response to the agonist in the Kl buffer was 52% greater than the response to the same level of agonist in the K3 buffer (P<.01), and it was approximately 25% greater than the response in the K2 buffer (P<.01).
Discussion
The present study has demonstrated that acutely raising plasma [K] within a physiological range has an inhibitory effect on coronary thrombosis and blocks the potentiating effect of epinephrine on coronary thrombosis in dogs. The ever, shortly after cessation of exercise, when plasma [K] falls more rapidly than catecholamines, the protective effect from high plasma [K] disappears and the stimulatory effects from catecholamines and other factors are further exposed, increasing the risks of coronary thrombosis.
The present study also found that acutely raising plasma [K] elevated coronary blood flow in the LAD, even though epinephrine infusion had already raised the blood flow. This may imply that a rapid fall in plasma [K] shortly after exercise not only facilitates coronary thrombosis but also may reduce coronary blood flow, thereby exacerbating cardiac ischemia.
To gain information concerning the mechanism of the observed inhibitory effect of elevation of plasma [K] on thrombus formation, we conducted a preliminary investigation of the effect of potassium concentration on platelet sensitivity. We chose the prototypical platelet agonist, thrombin, for our first study. Bovine thrombin was used in this first group, resulting in concentrationresponse relations to the right of those obtained by others using human thrombin.43 In addition, our use of EDTA rather than citrate to remove calcium from the blood sample shifted the relation further to the right. These aspects of our technique do not impair analysis of the effects of changes in potassium within the experiment, although they do complicate comparison of our results with those of others using different procedures. The initial results reported here suggest that increases in potassium concentration within the physiological range significantly reduce platelet sensitivity to thrombin. If sensitivity to other agonist is reduced by potassium elevation, the effect may be part of the mechanism involved in the reduction in thrombus formation observed in the present work.
In summary, the present study demonstrated that acutely raising plasma [K] inhibited coronary thrombosis in dogs. The inhibitory effect also could block or impair the potentiating effect of epinephrine on coronary thrombosis. In addition, acutely raising plasma [K] could further increase coronary blood flow in the presence of a high level of epinephrine. The 
